Electricity produced from renewable energy sources plays a greater role in the energy balance of our country from year to year. Hydropower is one of the most commonly used renewable technologies not only in Poland, but also in the world. In small hydropower plants due to their simplicity, undoubtedly very good operating properties and the price usually induction machines are used as generators. Attachment of more and more dispersed energy sources creates new problems that have not been seen so far [1, 4, 7] . Therefore, this paper presents the analysis of hazards resulting from the transition of induction generators working in small hydropower plants for island work. The basis of the analysis were computer simulations carried out in the EMTP-ATP program [3, 9, 10] .
Introduction
Electricity produced from renewable energy sources plays a greater role in the energy balance of our country from year to year. Hydropower is one of the most commonly used renewable technologies not only in Poland, but also in the world. In small hydropower plants due to their simplicity, undoubtedly very good operating properties and the price usually induction machines are used as generators. Attachment of more and more dispersed energy sources creates new problems that have not been seen so far [1, 4, 7] . Therefore, this paper presents the analysis of hazards resulting from the transition of induction generators working in small hydropower plants for island work. The basis of the analysis were computer simulations carried out in the EMTP-ATP program [3, 9, 10] .
Description of the test network
During the tests, a typical fragment of the power grid see figure 1. L1-L4 lines are medium voltage lines. Each length of MV line is 10 km. Two MV / LV, T1 and T2 stations have been connected to the L4 line. The T1 station was connected halfway along the line, the second T2 at the end of the line. The T2 station supplies five low voltage lines L421-L425. Each length of LV line is 1 km. The hydropower plant G is connected at the end of the L4 line with a TG transformer. The S2 switch performs the function of a generator switch installed in the electrical switchboard of the power plant, while the switch S1 presents a circuit breaker installed in the line field of the MV station. To compensate for the generator's reactive power, the CB capacitor bank was switched on using the S3 switch. Tables  1 to 8 show the parameters of the considered power grid. Working of a network without a hydropower plant Let us assume that, due to a lightning strike into the MV line, its emergency disconnection from the system takes place. The disconnection occurs at time t = 2.5s. Figure 2 shows the voltage waveform on one of the loads supplied from the LV network. Analyzing the presented course, it can be noticed that the voltage value immediately drops to zero after disconnecting the power supply in the form of a power system. It should also be noted that the voltage at each point of the network in question falls within the permissible range. 
Working of a network with a hydropower plant
The following course of events was considered. The power plant starts and after reaching the speed close to the synchronous speed, it takes it to the grid at time t = 1.4s using the S2 switch. At time t = 2.5s the circuit breaker S1 opens, which causes the line, load and hydropower plant to become an island isolated from the system. The opening of the S1 switch occurred, for example, as a result of a lightning strike into the MV line.
The first case is work without generator reactive power compensation. It was assumed that the system does not have any control and regulation systems on the turbine side, the generator is not equipped with reactive power compensation and the load on the island is comparable to the power of the hydroelectric generator. The simplest case of a hydropower plant with an asynchronous generator is a system in which the generator does not have reactive power compensation. In this case, the demand for reactive power of both the receivers and the generator itself is covered by the network [5] . Figure 3 and figure 4 show the waveforms of voltage values and frequencies on one of the loads supplied from the LV network.
It can be noticed that when the generator is switched on to the grid (t = 1.4s), the voltage is temporarily reduced, which is not dangerous for the receivers being supplied. From the point of view of recipients, it is much more interesting what happens after separating the island of loads from the working hydropower plant. The lack of compensation of reactive power results in improper conditions for self-induction of the asynchronous generator, which in turn translates into a rapid increase in the frequency of the generated voltage. It was also observed that the voltage does not disappear almost stepwise as in the case of work without a hydropower plant, but gently decreases to zero. The reason for this is the presence of residual capacitance in the system. It should also be noted that the rate of voltage decay and the increase in frequency after the secretion of the island will be the greater, the greater the active power deficit in the separate network.
In the analyzed operating conditions of the generator, additional protection of a small hydropower plant would have been activated. An additional undervoltage protection of the generator would work at time t = 2.628s or 128 ms after the island emerged, at a voltage reduced to about 55% of the rated value and the frequency raised to about 52 Hz. However, additional overfrequency protection would work at time t = 2.693s, or 193 ms after the island emerged.
The second case is work with generator's reactive power compensation. It was assumed that the system does not have any control and regulation systems on the turbine side, the load on the island is comparable to the power of the hydroelectric generator and the generator is equipped with reactive power compensation. The generator's reactive power has been compensated to cosφ = 0.93 [6] . The operation of a hydropower plant in the aforementioned conditions poses a threat, not only to the operation of devices installed in the network, but also to people in the vicinity of these devices. Therefore, the generator must be disconnected as soon as possible by its additional protections. An additional undervoltage protection would work at time t = 2.658s, or 158 ms after the island emerged, at a voltage reduced to about 61% of the rated value and the raised frequency to about 52.5 Hz. Additional overfrequency protection would work at time t = 2.710s, or 210 ms after the island emerged.
The mismatch between load and active power generation causes significant changes in generator operating conditions. The oscillation of voltages and frequencies will be stronger when the active power deficit increases, or milder in the case of excess active power generated. Such situations are presented in figure 7 and figure 8, when the active load of the island is 50% of the active power of the hydroelectric generator. The third case is operation with generator reactive power compensation and turbine side control. It was assumed that the hydro-set has a control and regulation system on the turbine side. This system, after detection of over-turns in one second, closes the water supply so that the increase in turnover does not exceed 115% of their nominal value [8] . The load on the island is comparable to the power of the hydroelectric generator and the generator is equipped with reactive power compensation. The generator's reactive power was compensated to cosφ = 0.93. Figure 9 and figure 10 show the waveforms of voltage values and frequencies on one of the loads supplied from the LV network. Research shows that closing the water supply to the turbine effectively counteracts the emergence of dangerous voltages in the recipients and significantly limits the increase of rotor velocity (voltage frequency), but it should be noted that despite this, the frequency of generated voltage increases dangerously to around 120% the nominal value. Therefore, the power plant should be disconnected as soon as possible by its additional protections [4] . In the analyzed operating conditions of the generator, additional protection of a small hydropower plant would have been activated. An additional undervoltage protection of the generator would work at time t = 2.656s, or 156 ms after the island emerged, at a voltage reduced to about 61% of the rated value and the frequency raised to about 52 Hz. However, an additional overfrequency protection would work at time t = 2.723s, that is 223 ms after the island emerged.
Working of a network with the connection of a hydropower plant with the cable line
In previous variants of the work, it was assumed that the MV / LV T1, T2 stations and the hydropower plant are connected to the MV overhead line. In this case, a cable line with the same cross-section was used, but with a length of 14 km. Until now, if the balance of active power in the system has been maintained, it was not possible to preserve the reactive power balance. In this case, the medium voltage cable line is the source of capacitive reactive power, which should have a significant influence on the reactive power balance in the system. It was assumed that the system does not have any control and regulation systems on the turbine side, the generator is equipped with reactive power compensation and the active load of the island is comparable to the active power of the hydroelectric generator.
By analyzing figure 11 and figure 12 , it can be noticed that at any time, both the voltage and frequency values do not exceed the permissible value. Operation of the power plant in such conditions does not pose a threat to receivers installed in the network. Therefore, additional protection of the power plant would not detach it after the island emerged. 
Summary
When analyzing the conducted research, the following conclusions can be made: 1) The conditions of autonomous operation of the induction generator are very variable and depend on the active and reactive power load of the generator, 2) Any changes in the load on the island cause sudden changes in the parameters of electricity produced, 3) The generator should absolutely be equipped with additional overvoltage and undervoltage protection as well as over and underfrequency protection, 4) Appropriate balancing of active and reactive power in the island gives rise to relatively safe working conditions, 5) Generator operation in a network with the predominance of cable lines is dangerous from the point of view of uncontrolled self-stirring of the generator.
